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Abstract 

Despite advances in early diagnosis and multimodality tfierapy for cancers, most of lung cancer patients have been locally 
advanced or metastatic at the time of diagnosis, suggesting the highly progressive characteristic of lung cancer cells. The 
mechanisms underling invasiveness and metastasis of lung cancer are yet to be elucidated. In the present study, 
immunohistochemistry was performed to detect the expression of CXCL16-CXCR6 in human lung cancer tissues. It was 
demonstrated that similar to CXCL12 and CXCR4, CXCL16 and CXCR6 were also coexpressed in human primary lung cancer 
tissues. After confirming the functional existence of CXCL16 and CXCR6 protein in A549, 95D and H292 cells by ELSA and 
flow cytometry analysis, we further explored the significance of CXCL16-CXCR6 axis in the biological functions of lung 
cancer cell lines in vitro. It was found that CXCL16 had no effects on the PCNA (proliferating cell nuclear antigen) expression 
of A549, 95D and H292 cells. However, both exogenous CXCL16 and CIVl (conditioned medium from A549, 95D or H292) 
significantly improved the in vitro viability and invasion of three lung cancer cell lines. The neutralizing antibody to CXCLl 6 
or down-regulation of CXCR6 was able to inhibit the increased viability and invasiveness of A549, 95D and H292 cells 
stimulated by CXCLl 6 or CM. Our results imply that CXCLl 6-CXCR6 axis is involved in the regulation of viability and invasion 
rather than PCNA expression of lung caner cells, which opens the door for better understanding the mechanisms of lung 
tumor progression and metastasis. 
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Introduction 

Lung cancer is a common malignant tumor wliich ranks as the 
leading cause of malignancy-related death worldwide, and the 
incidence of lung cancer has been increasing in recent years in 
some big cities in China [1]. Despite advances in early diagnosis 
and multimodality therapy for cancers, the five-year overall 
survival rate for most advanced lung cancer patients is still less 
than 20%. The mechanisms underling invasiveness and metastasis 
of lung cancer have attracted a lot of attentions from thoracic 
oncologists for decades of years. Some hypotheses and molecules 
have been put forward, but a thorough understanding of the 
intricate invasive and metastatic processes of carcinoma cells is still 
an open question. 

Since the discovery of the first chemokine in 1987, more than 50 
kinds of chemokines and 20 kinds of chemokine receptors have 
been cloned and identified. Activation of chemokine/receptor 
signal pathway has been confirmed to mediate a series of 
physiological and pathological events, especially the recruitment 
of lymphocyte as well as tumor growth and metastatic spread, 
which provides the possibility for the elucidation of metastatic 



process of malignant cells from the immunology perspectives 
[2,3,4,5,6]. 

Among various chemokines and chemokine receptors, 
CXCLl 6-CXCR6 is an unique chemokine/chemokine receptor 
pair. CXCL16, also known as SR-PSOX, belongs to CXC 
chemokine family and exists both in a transmembrane and soluble 
form [7,8,9]. Interaction between CXCL16 and its' sole receptor, 
CXCR6 (also caUed Bonzo, STRL33 and TYMSTR) is involved 
in multiple biological activities, including selective trafficking of 
lymphocyte subsets, cell adhesion, cell survival, muscle regener- 
ation, brain development, chronic inflammation and anti-tumor 
immunity [9,10,11,12,13,14]. In particular, recent studies have 
verified the over-expression of CXCLl 6 and/or CXCR6 in 
several types of human cancers and CXCLl 6 could stimulate the 
growth, migration, invasion and activation of AKT signaling 
pathway of cancer cells via its' receptor CXCR6 in vitro 
[15,16,17,18]. Our previous study also confirmed the excessive 
expression of CXCR6 protein in human native prostate cancer 
cells and the activation of CXCLl 6-CXCR6 pathway could 
promote the migration and invasion of PC 3 and LNcap cells 
in vitro [19]. These results suggest that CXCL16-CXCR6 may be a 
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Figure 1. CXCL16-CXCR6 and CXCL12-CXCR4 were co-expressed in human lung cancer. Immunohistochemistry was performed to 
determine the protein expression of CXCL16-CXCR6 and CXCL12-CXCR4 in human primary lung cancer tissues. The antibodies used in this 
experiments were mouse anti-human CXCR4 (25 |ig/ml), mouse anti-human CXCR6 (25 )ig/ml), mouse anti-human CXCL12 (20 |ig/ml) and goat anti- 
human CXCL1 6 (20 )ig/ml) antibodies. It was demonstrated in Fig. 1 that a specific brown-coloured staining for CXCL1 6-CXCR6 and CXCL1 2-CXCR4 in 
the cytoplasm and membrane of human different pathological types of lung cancer cells. Moderate-to-strong, brown-coloured staining for CXCL16 
and CXCR6 was also observed in normal lung tissues, but the positive expression was mainly restricted to the alveolar epithelial cells and 
inflammatory cells. There was no evidence for nonspecific staining with the control antibody. The pictures were the representative of the 
experiments. AC: adenocarcinomas; SC: squamous carcinomas; BC: bronchoalveolar carcinoma; Con: normal lung tissues; Villi: human first-trimester 
villous tissues, as a positive control. Magnification, x200. 
doi:10.1371/journal.pone.0099056.g001 



novel chemokine ligand/receptor pairs implicated in tumorigen- 
esis and metastasis. Some groups have begun to pay attention to 
the role of CXCL16-CXCR6 in tumor, however, the relationship 
between CXCL16-CXCR6 and lung cancer is still elusive and 
deserves further investigations. 

In the present study, the expression of CXCL16 and CXCR6 in 
human lung cancer tissues and lung cancer cell lines, A549, H292 
and 95D, was determined by immunohistochemistry and immu- 



nocytochemistry respectively. Then the enzyme-linked immuno- 
sorbent assay (ELISA) and flow cytometry were conducted to 
examine the functional expression of CXCL16 and GXCR6 in 
three cancer cell lines. To further elucidate the role of CXCL16- 
CXCR6 axis in lung cancer, we also observed the action of 
CXCL16 on PCNA (proliferating cell nuclear antigen) expression 
and invasive ability of A549, H292 and 95D cells. The effects of 
CXCR6 gene down-regulation by small interfering RNA (siRNA) 
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Figure 2. The expression pattern of CXCL16-CXCR6 and CXCL12-CXCR4 in different patKioiogical types of lung cancer. According to 
the Immunostalning Intensity score and the percentage of positive cells, the results of Immunochemlstry analysis were classified as follows: <2, 
negative expression; 2-3, weak expression; 4-5, moderate expression, and 6-7 as strong expression. AC: adenocarcinomas; SC: squamous 
carcinomas; ASC: adenosquamous carcinomas; BC: bronchoalveolar carcinoma. 
dol:1 0.1 371 /journal.pone.0099056.g002 



technology on viability and invasiveness of A549 cells were also 
determined by MTT and invasion assay. Through exploring the 
change of biological behaviour of lung cancer cells mediated by 
CXCL16-CXCR6 axis, we hope to provide insights into better 
understanding the progression of this aggressive malignant tumor. 

Materials and Methods 

Human Tissue Collection 

AH procedures involving participants in the study were 
approved by the Zhongnan Hospital of Wuhan University Human 
Research Ethics Committee, and the participants had provided 
their written informed consents. 

Human lung cancer (33 cases) and normal (5 cases) tissues were 
obtained from patients who underwent pulmonary lobe resection 
or pneumonectomy for cancer or non-cancer lung diseases at 
Zhongnan Hospital of Wuhan University from 2003 to 2006. The 
identification of tumor types was performed by two professional 
pathologists. Of 33 lung cancers, 13 cases were adenocarcinomas 
(AC), 12 cases were squamous carcinomas (SC), 7 cases were 
adenosquamous carcinomas (ASC) and 1 case was bronchoalve- 
olar carcinoma (BC). The stages of tumors were estimated 
according to the Seventh Edition of the new TNM staging system 
suggested by the international association for the study of lung 
cancer (LASLC) in 2009. In the 33 samples, 3, 1, 9, 8, 10 and 2 
cases were lA, IB, IIA, IIB, IIIA and IIIB, respectively. 

Cell Culture 

Lung cancer cell lines A549, H292 and 95D cells were obtained 
from the Cell Bank of Chinese Academy of Science (Shanghai, 
China). The cells were cultured in 1640 containing 10% heat- 
inactivated FBS (Gibco, Grand Island, NY, USA), 10 mM 



HEPES, 1 mM pyruvic acid sodium, 4.5 g/L glucose, 100 UI/ 
ml penicillin and 100 |J,g/ml streptomycin. The cells were 
recovered and passaged for three times, then allowed to grow to 
confluence for the following experiments. 

Immunohistochemistry 

The method for immunohistochemistry was based on our 
previous procedure [19]. Briefly, the tissues were routinely fixed 
with formalin and embedded in paraffin. Antigen retrieval was 
performed and 0.3% H2O2 in phosphate buffer solution (PBS) was 
employed to block endogenous peroxidase activity in the sections. 
After treated with protein blocking serum to block non-specific 
binding, the sections were incubated overnight at 4°C with mouse 
anti-human CXCR4 (25 |J.g/ml), mouse anti-human CXCR6 
(25 (Xg/ml), mouse anti-human CXCL12 (20 |Xg/ml) and goat 
anti-human CXCL16 (20 |J.g/ml) antibodies (from R&D Systems, 
Abingdon, UK), respectively. A streptavidin/biotin detection 
reagent kit (Marxin Bio., Fuzhou, China) with 3, 30-diaminoben- 
zidine tetrahydrochloride (DAB) was employed for signal detection 
and Harris hematoxylin was used as a counter-stain. Mouse or 
goat isotype IgG (10 |a,g/ml) (Dingguo Bio Co. Ltd, Shanghai, 
China) was used as a negative control and human first-trimester 
villous tissues (5 samples) were used as positive control (13, 19). 
Scoring was performed blindly using a telepathology system 
without knowledge of related clinical information (e.g., tumor 
grade, tumor size or clinical outcome). The immunostalning 
intensity was observed and scored as no staining (score = 0), light 
yellow (score = 1), light brown (score = 2) or brown (score = 3). The 
percentage of positive cells was calculated as <5% (score = 0), 5- 
25% (score = 1), 26-50% (score = 2), 51-75% (score = 3) or >75% 
(score = 4). Combining the immunostalning intensity score and the 
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Table 1. Expression intensity of CXCL16/CXCR6 and CXCL12/CXCR4 protein in human lung cancer tissues. 
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doi:10.1371/journal.pone.0099056.t001 



percentage of positive cells, we classified the scoring as follows: <2, 
negative expression; 2-3, weak expression; 4—5, moderate 
expression and 6-7 as strong expression [19]. 

Immunocytochemlstry 

After 70-80% confluence of the cells, A549, H292 or 95D cells 
were digested with 0.25% trypsin (Bio Basic Inco., BBI, Ontario, 
Canada) containing 0.1% EDTA and seeded at a density of 
2 X lO'^cells/well in 6-weU plates pre-placed with cover slips. After 
cultured for 48 h, lung cancer cell lines were fixed in 4% formalin 



for 20 min at room temperature, washed in PBS and permeabi- 
lized for 15 min in 0.03% Triton X-IOO-PBS, then treated with 
0.3% li-iOj to inactivate endogenous peroxidase activity. The 
following procedure was as described above in the method of 
immunohistochemistry and human primary cultured trophoblast 
cells were also used as positive control [13,19]. The results were 
analysed by Image-ProPlus 6.0 software and the mean expression 
density of CXCL16 and CXCR6 in three cell lines was recorded. 
The experiments were repeated three times. 
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Figure 3. CXCL16-CXCR6 and CXCL12-CXCR4 proteins were co-expressed in human lung cancer cell lines in vitro. Immunocyto- 
chemlstry was conducted to detect the protein expression of CXCL1 6-CXCR6 and CXCL1 2-CXCR4 in human lung cancer cell lines. The antibodies used 
in this experiments were mouse anti-human CXCR4 (25 |ig/ml), mouse anti-human CXCR6 (25 |ig/ml), mouse anti-human CXCL12 (20 )ig/ml) and 
goat anti-human CXCL16 (20 |ig/ml) antibodies. Positive brown-coloured staining for both CXCL16 and CXCR6 was clearly observed in the cytoplasm 
and cytomembrane of A549, H292 and 95D cells, respectively. Furthermore, CXCL12 and CXCR4 were also co-expressed in the three lung cancer cell 
lines. No background staining was observed in the isotype control. A: The images were representative of the experiments; B: The relative expression 
intensity of CXCL16-CXCR6 and CXCL12-CXCR4 in A549, H292 and 95D cells. Tro: human primary cultured trophoblast cells as a positive control. 
Magnification, x200. 
doi:1 0.1 371 /journal.pone.0099056.g003 
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Figure 4. The secretion of CXCL1 6 by lung cancer cell lines in vitro. Digested A549, 1-1292 and 95D cells were seeded in 24-well plates (500 ^1/ 
well) at a density of SxloVml, respectively. Supernatants of the cell cultures were collected at 24, 36, 48, 60, 72, 96 and 100 h of culture. An ELISA 
assay was performed to examine the release of the soluble CXCL16 in cultured A549, H292 and 95D cells in vitro. As shown in Fig. 4, three kinds of 
lung cancer cell lines all secreted CXCL1 6 spontaneously in a time-dependent manner, despltes of a difference in the concentration of CXCLl 6 in the 
culture medium. The experiments were repeated three times. Error bars depict the standard error of the mean. 
doi:l 0.1 371 /journal.pone.0099056.g004 



Preparation of Cell Cultured Conditioned Medium 

The isolated A549, 95D and H292 were seeded in culture 
bottles (6 ml/bottie) at a density of lxlO*'/ml, respectively, and 
cultured continuously for 48 h. The supernatants, namely 
conditioned medium (CM), were collected and centrifuged at 
2000 g, then stored at — 80°C. The supernatants from culture 
medium without cells were also collected as control. 

Enzyme-linked Immunosorbent Assay (ELISA) 

Digested A549, H292 and 95D cells were seeded in 24-well 
plates (500 |ll/ well) at a density of 5xl0^/ml, respectively. 
Supernatants of the cell cultures were collected at 24, 36, 48, 
60, 72, 96 and 100 h of culture. Each collected supernatant was 
stored at — 80°C for the ELISA analysis. The amount of CXCL16 
in each supernatant was measured by human CXCLl 6 ELISA kit 
(Shanghai Westang Bio-Tech Co. Ltd, Shanghai, China), accord- 
ing to the manufacturer's instructions. The CXCLl 6 assay kit 
demonstrated a sensitivity of 40 pg/ml and an intra-assay 
coefficient of variation less than 12%. The experiments were 
repeated three times. 

Flow Cytometry Detection for CXCR6 Expression 

The membrane expression of CXCR6 protein on A549, H292 
and 95D cells was detected by flow cytometry according to our 
previous method and CXCR4 was also used as control at the same 
time [20]. Briefly, to protect the membrane locahzation of the 
chemokine receptor to the greatest extent possible, the cells, at 70- 
80% cell confluence, were digested with 0.25% trypsin only for 
30-50 s, then blown off gently and washed with PBS [20] . After 
blocking with 10% FBS, the recovered cells were incubated with 
mouse anti-human PE (phycoerythrin) -CXCR6 monoclonal 
antibody (1:10; R&D Systems, Inc), mouse anti-human PE-CY5- 
CXCR4 monoclonal antibody (1:5; eBioscience), mouse PE- 
IgG2B isotype (Rc&D Systems, Inc) or mouse PE-CY5-IgG2a 
isotype (eBioscience), in the recommended usage for 1 h at room 
temperature in darkness. The cells were then washed twice with 
1 ml of PBS by centrifugation at 2000 Xg for 5 min and analyzed 
by FACS Calibur flow cytometry (FC500, Beckman-Coulter, 
USA) and CellQuest software. The cells of 1 xlO' were counted 
and the proportion of positive cells was recorded. The experiments 
were repeated three times. 



PCNA Detection by Flow Cytometry 

The isolated A549, H292 and 95D cells were seeded on 6-weU 
plates at a density of 2x10'^ cell/well. At 70-80% cell confluence, 
the lung cancer cell lines were starved for 1 2 h, then treated with 
human recombinant CXCLl 6 (100 ng/mL) (Peprotech,Rocky 
Hill, NJ, USA) or a combination of CXCLl 6 with CXCLl 6 
neutralizing antibody (100 ng/mL) (R&D Systems, Inc.) for anther 
48 h. Then the cells were digested and c()llert(;d for the following 
PCNA (proliferating cell nuclear antigen) examination. Briefly, the 
cells were treated with 70'X> ethanol and 0.1"/o Triton X-lOO, each 
for 20 min, then incubated with mouse anti-human PE-PCNA 
monoclonal antibody (1:5; eBioscience) or mouse PE-IgGja isotype 
(eBioscience) for 1 h at room temperature in the dark [21]. The 
following examining procedure was as described above in the 
method of flow cytometry detection for CXCR6 expression. The 
experiments were repeated three times. 

CXCR6 Silence in A549 Cells 

The isolated A549 cells were seeded on 6-weIl plates at a density 
of 2xl0"Vml. At 70-80% confluence, these cells were transfected 
with phU6/GFP/Neo plasmid containing short hairpin RNA 
(shRNA) molecules targeted against CXCR6, with the usage of 
Lipofectamine 2000 (Invitrogen). The sequences for three shRNA 
oligonucleotides were: (CXCR6-2819-1): 5'-ctGAG GAC AAT 
TCC AAG ACT T-3' (sense) and 5'-AAG TCT TGG AAT TGT 
CCT CAG-3' (Anti-sense); (CXCR6-2820-2) 5'-ctCAC CAT 
GAT TGT CTG CTA T-3' (sense) and 5' -ATA GCA GAC AAT 
CAT GGT GAG-3' (Anti-sense); (CXCR6-2821-1) 5'-gcTTG 
CTC ATC TGG GTG ATA T-3' (sense) and 5'-ATA TCA CCC 
AGA TGA GCA AGC-3' (Anti-sense) (GENECHEM, Shanghai, 
China). The groups were divided into phU6/GFP/Neo-CXCR6 
(CXCR6-shRNA), non-targeting siRNA oligonucleotides negative 
control (phU6/GFP/Neo, shRNA-control) and blank-control (no 
any treatment). Stable transfectants were selected by G418 culture 
at a concentration of 800 ^g/ ml. The experiments were repeated 
three times and the silencing efficiency was determined by western 
blot. 

Cell Viability Assay 

The MTT [3-(4,5-dimethyldiiazol-2-yl)-2,5-diphenyltetrazo- 
hum bromide, Sigma Chemicals] assay was applied to evaluate 
the effects of CXCLl 6-CXCR6 on cell viability in vitro [21]. The 
experiments were divided into two steps: firstiy, the isolated A549 
cells from blank-control, shRNA-control and CXCR6-shRNA 
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Figure 5. The membrane expression of CXCR6 and CXCR4 in lung cancer cell lines in vitro. Flow cytometry (FCM) was used to detect the 
membrane expression of CXCR6 in lung cancer cell lines. The cells of 1x10^ were counted and the dilution ratio of (phycoerythrin)-CXCR6 
monoclonal antibody and PE-CY5-CXCR4 monoclonal antibody were 1 :1 0 and 1 :5, respectively. The histogram demonstrated the average expression 
proportion of CXCR6 and CXCR4 in A549, H292 and 95D cells, respectively. The FCM pictures were representative of the experiments. The percentage 
of membrane CXCR6-positive cells in A549, H292 and 95D was 52.4±5.80, 56.03 ±11.42 and 34.8±6.17, respectively. Furthermore, the membrane 
expression of CXCR4 was also observed in A549, H292 and 95D cells at the same time. The experiments were repeated three times and the images 
were representative of the experiments. Error bars depict the standard error of the mean. 
doi:1 0.1 371 /journal.pone.0099056.g005 



(2819-1) groups were seeded in 96-well flat-bottom microplates 
with a density of 2x10'' cells/well and cultured for 24, 48, 72, 96 
and 120 h, respectively. Secondly, after starved with 1640 without 
FCS for 12 h, the cells from blank-control, shRNA-control or 
CXCR6-shRNA (2819-1) groups were treated with control 
medium (1640) or CXCL16 at a concentration of 100 ng/mL 
for 48 h. 

MTT reagent (20 |J,1) was added to each well of 96-well 
microplates and incubated at 37°C for 4 h. The medium was 
decanted and 100 |il of DMSO was added to solubihze the 



reactive crystals. Absorbency was measured at a wavelength of 
570 nm on an automatic microplate reader. The samples were run 
in triplicate and the experiments were repeated three times [21]. 

ECM Invasion Assay 

The invasive ability of lung cancer cell lines was evaluated 
objectively by in vitro invasion assay based on our previous method 
[19,20]. Briefly, the cell culture inserts (8 |J.m pore size, 6.5 mm 
diameter; Corning, Corning, NY, USA) coated with 10 |a,l pure 
extracellular matrix (ECM) gel (Sigma, St. Louis, MO 63103, 
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Figure 6. Effects of CXCL16 on PCNA expression of lung cancer cell lines in vitro. After starved for 12 h, A549, 95D and H292 cells were 
treated with human recombinant CXCL16 (100 ng/mL) or a combination of CXCL16 with CXCL16 neutralizing antibody (100 ng/mL) for anther 48 h. 
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Then, the effects of CXCL16 stimulation on PCNA (proliferating cell nuclear antigen) expression was detected by flow cytometry. As shown in Fig. 6, 
there were no significant changes in PCNA level in various experimental groups (P>0.05, compared with the control). The images are representative 
of the experiments and the results were reproducible and consistent in three lung cancer cell lines. Error bars depict the standard error of the mean. 
doi:1 0.1 371/journal.pone.0099056.g006 



Ameri[:an) were placed in a 24-well plate. The experiments were 
divided into the following two parts: Firstly, the isolated A549, 
H292 or 95D ceUs (1 x 10^/200 |ll serum-free 1640) were plated in 
the upper chamber, and treated with CM, CXCL16 (100 ng/ml) 
and a combination of CM or CXCL16 with CXCL16 neutral- 
ization antibody(100 ng/mL). Secondly, the A549 ceils, from the 
blank-control, phU6/GFP/Neo and phU6/GFP/Neo-CXCR6 
group, were seeded on the upper chamber at a density of (1 x 10 V 
200 ^1 serum-free 1640), then treated with CXCL16 (100 ng/ml) 
or CM. The lower chambers were filled with 800 nl 1640 medium 
supplied with 10% FBS. After incubated at 37°C for 24 h, the 
inserts were removed and washed in PBS. Then the noninvading 
cells together with ECM gel were removed from the upper surface 
of the filter by wiping with a cotton bud. The inserts were fixed in 
4% formalin for 10 min at room temperature, and stained with 
hematoxylin. The result was observed under a light microscope 
(Olympus, Tokyo, Japan) and the cells migrated to the lower 
surface were counted. To eliminate the individual variability, the 
results were assessed by two independent researchers and the 
invasive index was calculated as the proportion of the migrated 
cells of the experiment group to that of its own control. Each 
experiment was carried out in triplicate, and repeated three times. 

Statistics 

The experiments in vitro were shown in the mean ± SE. The 
data of PCNA expression, in vitro viability and invasion assay were 
assessed with the post hoc Dunnett's t test and Dunnett T3 test, 
when appropriate. The differences were accepted as significant at 
P<0.05. 

Results 

Protein Expression of CXCL1 6-CXCR6 in Human Lung 
Cancer in vivo 

Immunohistochemistry was performed to determine the protein 
expression of CXCL16 and CXCR6 in human lung caner (33 
samples) and normal tissues (5 samples). The results in Fig. 1 




42Kd 
39Kd 



Figure 7. CXCR6 was effectively down-regulated by siRNA 
techonology. To silence the CXCR6 gene expression, we transfected 
A549 cells with phU6/GFP/Neo plasmid containing short hairpin RNA 
(shRNA) molecules targeted against CXCR6, with the usage of 
Lipofectamine 2000 (Invitrogen). The sequences for three shRNA 
oligonucleotides were: (CXCR6-2819-1): 5'-ctGAG GAC AAT TCC AAG 
ACT T-3' (sense) and 5'-AAG TCT TGG AAT TGT CCT CAG-3' (Anti-sense); 
(CXCR6-2820-2) 5'-ctCAC CAT GAT TGT CTG CTA T-3' (sense) and 5'- 
ATA GCA GAC AAT CAT GGT GAG-3' (Anti-sense); (CXCR6-2821-1) 5'- 
gcTTG CTC ATC TGG GTG ATA T-3' (sense) and 5'-ATA TCA CCC AGA 
TGA GCA AGC-3' (Anti-sense). Efficiency of RNA interference against 
CXCR6 was validated by w/estern blot. It was shown in Fig. 7 that CXCR6 
protein was substantially expressed in A549 cells (bank-control, without 
any treatment) and the RNA interference technology effectively 
inhibited CXCR6 expression in A549 cells. Lane 1: Blank-control; Lane 
2: RNA-control; Lane 3: CXCR6 shRNA-(2821-1); Lane 4: CXCR6 shRNA- 
(2820-2); Lane 5: CXCR6 shRNA-(2819-1). 
doi:l 0.1 371/journal.pone.0099056.g007 



clearly demonstrated the coexpression of CXCR6 and CXCL16 
protein in human lung cancer tissues. Specific brown-coloured 
staining for CXCR6 and CXCL16 in the cytoplasm and 
membrane cotdd be clearly observed in the primary lung cancer 
cells, but the positive expression rate and staining intensity of 
CXCR6 was stronger than that of CXCL16. Although moderate- 
to-strong, brown-coloured staining for CXCL16 and CXCR6 was 
also observed in normal lung tissues, but the positive expression 
was mainly restricted to the alveolar epithelial cells and 
inflammatory cells. There was no evidence for nonspecific staining 
with the control antibody. 

Furthermore, we also analyzed the association of CXCL16- 
CXCR6 expression pattern with different pathological types of 
lung cancer. It was demonstrated in Fig. 2 that of the detected 
33 lung cancer samples, for CXCR6 protein expression, only 
3 SC cases were weak positive and the others were all moderate to 
strong positive, while for CXCL16, the staining intensity was 
negative (10), weak (8), moderate (8) and strong (7). Of the 10 
CXCLlB-negative samples, 7 cases belong to AG, 2 cases belong 
to SC and 1 case was ASC. Of the 7 CXCL16-strong samples, 5 
cases were SC and 2 cases were ASC. The rest of 16 weak to 
moderate samples were AC (6), SC (5) ASC (4) and BC (1), 
respectively (Fig. 2). 

In the present study we also used CXCL12-CXCR4 as positive 
control and compared the expression pattern between CXCL16- 
CXCR6 and CXCL12-CXCR4. As shown in Fig. 1,2 and 
Table 1 the majority of the samples expressed CXCR4 (30/33) 
and CXCL12 (28/33) protein, despite of a light difference in the 
expression intensity. Furthermore, in 33 samples detected, there 
were 30 cases that co-("xpressed CXCR6 and CXCR4 protein, 
and 19 cases that co-expressed CXCL16 and CXCL12 protein. 

Protein Expression of CXCL16-CXCR6 in Human Lung 
Cancer Cell Lines 

After confirming the coexpression of CXCL16-CXCR6 protein 
in human native lung cancer cells, we further analyzed the 
expression of CXCL16-CXCR6 in human lung cancer cell lines 
A549, H292 and 95D by immunocytochemistry. As shown in 
Fig. 3, positive brown-coloured staining for both CXCL16 and 
CXGR6 could be clearly observed in the cytoplasm and 
cytomembrane of A549, H292 and 95D cells, respectively. 
Although there were differences of expression intensity in A549, 
95D and H292 cells, the staining for the ligand was all relatively 
weaker than it's receptor in three types of cells. Furthermore, the 
expression pattern of GXCL16-CXCR6 was similar to that of 
CXGL12-CXGR4, the specific staining for both GXCR4 and 
CXGL12 could also be observed in three lung cancer cell lines 
despite of the difference of expression intensity in different cells. 

Then, an ELISA assay was performed to examine the release of 
the soluble CXCL16 in cultured A549, H292 and 95D ceUs 
in vitro. As shown in Fig. 4, three kinds of lung cancer cell lines all 
secreted CXCL16 spontaneous!)' almost at a constant rate, but 
there was a slight difference in the concentration of CXCL16 in 
the culture medium. The amount of CXCL16 produced by H292 
cells was the highest among the three cell types. The concentration 
of CXCL16 in the 24 hours-cttltured medium of H292 already 
reached to 1 39 1.9± 13.43 ng/ml and the accumulated concentra- 
tion of GXCL16 was 2633.2±9.84 and 2566.9±3.1 ng/ml after 
culture for 96 and 120 h, respectively. Although the production of 
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Figure 8. Effects of CXCL16-CXCR6 on A549 cell viability in vitro. The MTT assay was applied to evaluate the effects of CXCL16-CXCR6 on cell 
viability in vitro. A: A549 cells from blank-control, shRNA-control and CXCR6-shRNA (2819-1) groups were seeded in 96-well flat-bottom microplates 
with a density of 2x10^ cells/well. The in vitro viability was observed at 24, 48, 72, 96 and 120 h respectively. B: After starved with 1640 without FCS 
for 12 h, the cells from blank-control, shRNA-control or CXCR6-shRNA (2819-1) groups were treated with control medium (1640) or CXCL16 at a 
concentration of 100 ng/mL for 48 h. Then the in vitro viability was recorded by MTT assay. The experiments were repeated three times. Error bars 
depict the standard error of the mean. ^P<0.01, compared with the corresponding control. 
doi:1 0.1 371 /journal.pone.0099056.g008 



CXCL16 by A549 cells was relatively less than that of both H292 
and 95D cells, the production of CXCL16 was still in a time- 
dependent manner and the amount of CXCL16 was 
977. 45± 12.85 ng/ml after culture for 120 h. For 95D cells, the 
concentration of CXCL16 also correlated positively to the culture 
time and the 120 h production of CXCL16 was 
1 165. 2± 12.00 ng/ml. 

Flow cytometry was used to detect the membrane expression of 
CXCR6 in A549, H292 and 95D cells. Although the proportion of 
CXCR6 expression by H292 cells was less than that of both A549 
(52.4±5.79%) and 95D cells (56.03± 1 1.42%), the average 
percentage was stiU 34.87±6.17 (Fig. 5). Furthermore, we also 
detected the membrane expression of CXCR4 in A549, H292 and 
95D cells with flow cytometry. It was found that the percentage of 
CXCR4-positive cells in A549, H292 and 95D was 25.56±6.44, 
46.00±6.52 and 28.57±1.43, respectively. Thus, membrane 
CXCR6 and CXCR4 were coexpressed in three lung cancer cell 
lines despite of a slight difference in the positive expression 
proportion. 

Effects of CXCL16 on PCNA Expression of Lung Cancer 
Cell Lines in vitro 

After identifying the functional existence of CXCL16 and 
CXCR6 in A549, 95D and H292, we further observed the effect 



of CXCL16 stimulation on PCNA expression of these cells. As 
shown in Fig. 6, there were no significant changes in PCNA level 
in various experimental groups (P>0.05, compared with the 
control). The results were highly consistent in three lung cancer 
cell lines and CXCL16-CXCR6 axis showed no effects on PCNA 
expression of A549, 95D or H292. 

CXCR6 was Down-regulated by siRNA Techonology 

Efficiency of RNA interference against CXCR6 was validated 
by western blot. It was shown in Fig. 7 that CXCR6 protein was 
substantially expressed in A549 cells (bank-control, without any 
treatment) and the RNA interference technology effectively 
inhibited CXCR6 expression in A549 cells. The silencing 
efficiency of CXCR6 shRNA-(2819-l) was the best, thus iii aU 
the subsequent experiments, we used this siRNA to silence 
CXCR6 mRNA expression. 

Effects of CXCL16-CXCR6 on A549 Cell Viability in vitro 

MTT assay results in Fig. 8 showed that there was no difference 
of the in vitro viability between the blank-control and shRNA- 
control. However, compared with the blank-control, the viability 
of A549 ceUs from the CXCR6-shRNA (2819-1) groups signifi- 
candy decreased with the prolongation of culture time (compared 
with the control, P<0.01 at 72, 96 and 120 h). Moreover, human 
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Figure 9. CXCL16 induces migration and invasion of lung cancer ceil lines in vitro. Invasion assay was employed to investigate the effects 
of CXCL1 6-CXCR6 axis on the invasive ability of A549, 95D and H292 cells in vitro. Firstly, the isolated A549, H292 or 95D cells (1 x 10^200 |il serum- 
free 1640) were plated in the upper chamber, and treated with CIVI, CXCL16 (100 ng/ml) or a combination of CM or CXCL16 with CXCL16 
neutralization antibody(100 ng/mL). Secondly, the A549 cells, from the blank-control, phU6/GFP/Neo-CXCR6 and phU6/GFP/Neo group, were seeded 
on the upper chamber at a density of (1 x 10^200 (il serum-free 1640), then treated with CXCL16 (100 ng/ml) or CM. The cells migrated to the lower 
surface were counted and the invasive index was calculated as the proportion of the migrated cells of the experiment group to that of its own 
control. Error bars depict the standard error of the mean. Con: the control; CXCL16: treated with 100 ng/ml CXCL16; antiCXCL16: treated with 100 ng/ 
mL CXCL16 neutralizing antibody; CM: conditioned medium for A549, 95D or H292; Blank-control: without any treatment, shRNA-control: phU6/GFP/ 
Neo; CXCR6-shRNA: phU6/GFP/Neo-CXCR6 (281 9-1 ). ^P<0.01 compared to the vehicle control; ''P<0.05, ''P<0.01, compared to the CXCL6 alone; ''P< 
0.05, ''P<0.01 compared to the CM treatment group. 
doi:1 0.1 371/journal.pone.0099056.g009 



recombinant CXCL16 was able to increase the in vitro viability of 
A549 cells from the blank-control and shRNA-control (compared 
with the control, P<0.01), while had no effect on the viability of 
A549 cells from the CXCR6 down-regulated group (compared 
with the control, P>0.05). 

CXCL16-CXCR6 Induces Migration and Invasion of Lung 
Cancer Cell Lines in vitro 

According to our previous procedure, in vitro invasion assay was 
employed to investigate whether CXCLI6-CXCR6 mediated 
signal has the potential to stimulate the invasion of A549, 95D and 
H292 cells in vitro [19]. Invasion index was calculated to represent 
the invasive ability of lung cancer cell lines. As shown in Fig. 9, the 
promoting effect of CXCL16 on invasion of three lung cancer cell 
lines was highly consistent. CXCL16 at a concentration of 
100 ng/mL substantially induced a 1.93-fold, 1.83-fold and 
2.26-fold increase in A,'i49, 95D and H292 invasive capacity, 
respectively and CM from A549, 95D and H292 cells also 
significandy improved their respective invasive ability. Both 



neutralizing antibody to CXCL16 and CXCR6 siRNA technology 

effectively inhibited the increased invasiveness stimulated by 
CXCL16. However, blocking CXCL16-CXCR6 axis by CXCL16 
neutralizing antibody or CXCR6 protein down-regulation only 
partially blocked the increased invasion of lung cancer cell lines 
induced by the CM (compared with the control, P<0.01). 

Discussion 

The present study using immunohistochemistry confirmed the 
expression of CXCR6 protein in human primary lung caner cells. 
The detected 33 samples, including AC, SC, ASC and BC, were 
all positive for CXCR6 protein, and the expression intensity was 
mainly moderate to strong. Different from our previous study in 
human prostate cancer [19], there were a considerable proportion 
of cases (19/33) that also coexpressed CXCL16, the sole ligand for 
CXCR6. The unique feature of CXCL16 is its pattern of 
existence: it can exist both in a transmembrane and soluble form 
[7,8,9]. Membrane-anchored CXCL16 functions as adhension 
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molecule establishing firm arrest of CXCR6 positive cells to 
CXCL16 expressing cells, which is important for the function of 
leukocytes and erythrocytes under flow conditions [22]. This kind 
of non-chemical combination also contributes to the interaction 
between different types of cells, such as antigen presentation 
between dendritic cells and T lymphocytes [22]. As a chemoat- 
tractant, soluble CXCL16 not only directs migration of CXCR6- 
positive lymphocytes, but eJso serves as a powerful stimulator to 
promote the proliferation and invasion of carcinormal cells via the 
AKT signaling pathway [it!]. Thus, it is reasonable to speculate 
that lung cancer cells could regulate' their own biological functions 
in a self-regulation manner through the coexpression of CXCL16 
and CXCR6. On the one hand, CXCL16-CXCR6 mediated firm 
adhension is beneficial to tissue localization of carcinormal cells in 
lung, on the other hand, lung cancer cells could regulate the 
growth and progression by themselves in an autocrine and 
paracrine manner, which is similar to the importance of the 
coexpression of CXCL16 and CXCR6 in human first-trimester 
villous trophoblast at the matemo-fetal interface [13]. Moreover, 
we also found that different from CXCR6, CXGL16 was mainly 
expressed in SC and ASC rather than AC. Because of the 
limitation of the sample size, the relationship of CXCL16-CXCR6 
expression pattern to different pathological types and stages needs 
further investigation. 

Preclinical and clinical studies support the viewpoint that 
chemokine CXCL12 (stromal cell-derived factor, SDF-1) and it's 
receptor CXCR4 play a pivotal role in the progression and 
metastasis of lung cancers, particularly in non-small cell lung 
cancer (NSCLC) [23,24,25]. Thus, in the present study, we also 
used CXCL12-CXCR4 as positive control and fomparcd the 
expression pattern of CXCL16-CXCR6 and CXCL12-CXCR4. 
The results clearly demonstrated that not only CXCR6 and 
CXCR4 (30/33) but also CXCL12 and CXCL16 (19/33) were 
coexpressed in both human primary lung caner tissues and lung 
cancer cell lines. Moreover, in situ tumors, the positive expression 
proportion and average intensity of CXCR6 were even stronger 
than that of CXCR4. In fact, besides of CXCL16-CXCR6 and 
CXCL12-CXCR4, there are some other chemokines and 
receptors involved in the growth, survival and metastasis of lung 
cancers [26,27]. Therefore, it is proposed that just like normal 
conditions, there might be a complicated chemokines network 
mediating the biological behavior of tumors. When a signalling 
pathway is blocked, the malignant cells can activate other alternate 
signals or molecules, which conforms to the principle of self- 
preservation via "excessive" biological signals. This helps us to 
explain, to some extent, why gene silence to a single chemokine or 
chemokine receptor can not completely block the metastasis of 
carcinormal cells. Thus, we are stiU on the way to unveil the 
intricate role of chemokine/chemokine receptor on tumor 
initiation and progression. 

After confirmed the functional existence of CXCL16 and 
CXCR6 in A549, H292 and 95D cells by FCM and ELISA, we 
further performed several in vitro experiments to explore the 
significance of CXCL16-CXCR6 expression in human lung 
cancer. It was shown that CXCL16 had no effect on the PCNA 
expression of A549, 95D or H292. However, exogenous CXCL16 
and CM effectively promoted the in vitro invasiveness of lung 
cancer cell lines, and the induced invasive ability could be 
obviously blocked by CXCL16 neutralizing antibody or CXCR6 
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gene down-regulation. Moreover, it has been shown in our 
previous MTT assay that CXCL16 remarkably promoted the 
in vitro viability of A549, H292 and 95D [28] . The present study 
further demonstrated that CXCR6 down-regulation significantiy 
inhibited the increased viability stimulated by CXCL16. It was 
also confirmed in this research that A549 cells secreted CXCL16 
spontaneously and CXCR6 RNAi technology decreased both the 
in vitro viability and invasiveness of A549 in natural conditions. 
Thus combing our previous study with the present study, we 
speculated that CXCL16-CXCR6 axis participates in the 
regulation of in vitro viability and invasion of lung caner cells 
rather than PCNA expression. However, the neutralizing antibody 
to CXCL16 or CXCR6 protein down-regulation only partially 
blocked the increased invasion of A549, 95D and H292 induced 
by their respective CM, which suggests that besides of CXCL16- 
CXCR6, there are others signals and molecules regulating the 
invasion of lung cancer cells. 

It is generally accepted that immune cells recruited by 
chemokines function as anti-tumor precursors in local tissues, 
however, accumulating evidence shows that inflammation also 
correlates with tumorigenesis [29,30]. For example, in prostate 
cancer, inflammatory cytokines derived from the adjacent 
infiltrating CXCR6-positive T cells stimulate the production of 
CXCL16 by cancer cells and CXCL16 enhance the growth of 
CXCR6-expressing cancers and primary T cells, indicating that 
CXCL16 and CXCR6 mediate pro-tumorigenic effects between 
tttmorassociated leukocytes and cancer cells in an specific 
inflammatory milieu [17]. As a unique organ, the lung, especially 
the bronchial epithelial cell, is an important source of CXCL16 
and CXCL16 is beneficial to the recruitment and localization of 
CXCR6-positive immune cells within the lung, which is an 
important principle for the protective immunity against quantities 
of foreign partic:les inhaled [31,32]. In the present study, we also 
observed CXCR6-expressing lymphocytes peripheral to the 
carcinormal cells in some samples and the expression of CXCL16 
and CXCR6 protein in alveolar epithelial cells and inflammatory 
cells in normal controls. Tumorigenesis is determined not only by 
the characteristics of neoplastic cells but also by the microenvi- 
ronment of the specific organ. Therefore, CXCL16-CXCR6 
might have bidirectional effects: local immune protection against 
infection and tumor in normal conditions, and a pro-tumorigenic 
effect in an inflammation associated immune environment. 

In conclusion, we demonstrate that besides of the generally 
accepted chemokine CXCL12 and it's receptor CXCR4, 
CXCL16 and CXCR6 are also co-expressed in human primary 
lung caner cells and CXCL16-CXCR6 mediated action is 
involved in the viability and invasiveness of lung caner cell lines 
in vitro. The present results increase our understanding of the 
significance of CXCL16-CXCR6 axis in the progression and 
metastasis of lung carcinoma and shed some hghts on the targeted 
cancer therapies. 

Author Contributions 

Conceived and designed the experiments: WZ WH. Performed the 
experiments: YL LS LR. Analyzed the data: WZ. Contributed reagents/ 
materials/analysis tools: WZ WH. Wrote the paper: WZ WH. Funding 
support for this research: WZ WH. 



2. Kunkcl EJ, Butcher EC (2002) Chemolcines and the tissue-specific migration of 
lymphocytes. Immunity 16: 1^. 



PLOS ONE I www.plosone.org 



12 



June 2014 I Volume 9 | Issue 6 | e99056 



CXCL16/CXCR6 Involves the Invasion of Lung Cancer 



3. Oldham KA, Parsonage G, Bhatt RI, Wallace DM, Dcshmukh N, ct al (2012) T 
lymphocyte recruitment into renal rell rarcinoma rissuc: A role for chemokirre 
receptors CXCR3, CXCR6, CCR5, and CCR6. Eur Urol 61: 385-394. 

4. VandercappellenJ, Van Damme J, Struyl'S (2008) The role of CXC chemoldnes 
and their receptors in cancer. Cancer Lett 267: 226-244. 

5. Raman D, Baugher PJ, Thu YM, Richmond A (2007) Role of chemoldnes in 
tumor growth. Cancer Lett 256: 137-165. 

6. Hattermann K, Mentlein R (2013) An infernal trio: the chemokinc CXCL12 
and its receptors CXCR4 and CXCR7 in tumor biology. Ann Anat 195: 103- 
110. 

7. Matloubian M, David A, Engel S, Ryan JE, Gyster JG (2000) A transmembrane 
CXC ehemokine is a ligand for HIV-coreceptor Bonzo. Nat Iirununol 1 : 298— 
304. 

8. Shimaoka T, Kume N, Minami M, Hayashida K, Kataoka H, et al. (2000) 
Molecular cloning of a novel scavenger receptor for oxidized low density 
lipoprotein, SR-PSOX, on macrophages. J Biol Chem 275: 40663-40666. 

9. Wilbanks A, Zondlo SC, Murphy K, Mak S, Soler D, et al. (2001) Expression 
cloning of the STRL33/BONZO/TYMSTRligand reveals elements of CC, 
CXC, and CX3C chemokines. J Immunol 166: 5145-5154. 

10. Hattermann K, Ludwig A, Gicselmann V, Held-Fcindt J, Mentlein R (2008) 
I'he chemokine CXCL16 induces migration and invasion of glial precursor cells 
via its receptor CXCJR6. .\Iol Cell Neurosci 39: 133-141. 

11. Hara T, Katakai T, Lee JH, Nambu Y, Nakajima-Nagata N, et al. (2006) A 
transmembrane chemokinc, CXC chemokinc ligand 16, expressed by lymph 
node fibroblastic reticular cells has the potential to regulate T cell migration and 
adhesion. Int Immunol 18: 301-31 1. 

12. Zhang L, Ran L, Garcia GE, Wang XH, Han S, et al. (2009) Chemokine 
CXCL16 regulates neutrophil and macrophage infiltration into injured muscle, 
promoting muscle regeneration. Am J Pathol 175: 2518-2527. 

13. Huang Y, Zhu XY, Du MR, Wu X, Wang MY, ct al. (2006) Chemokine 
CXCL16, a scavenger receptor, induces proliferation and invasion of first- 
trimester human trophoblast cells in an autocrine manner. Hum Reprod 21(4): 
108,3-1091. 

14. Hojo S, Koizumi K, Tsuncyama K, Arita Y, Cui Z, et al. (2007) High-level 
expression of chemokine CXCL16 by tumor cells correlates with a good 
prognosis and increased tumor-infiltrating lymphocytes in colorectal cancer. 
Cancer Res 67: 4725-^731. 

15. Keeley EC, Mehrad B, Strieter RM (2010) CXC chemokines in cancer 
angiogenesis and metastases. Adv Cancer Res 106: 91-111. 

16. Deng L, Chen N, Li Y, Zheng H, Lei Q.(2010) CXGR6/CXCL16 fijnctions as a 
regulator in metastasis and progression of cancer. Biochim Biophys Acta 1806: 
42-49. 

17. Darash-Yahana M, Gillespie JW, Hewitt SM, Chen YY, Maeda S, ct al. (2009) 
The chemokine CXCL16 and its receptor, CXCR6, as markers and promoters 
of inflammation-associated cancers. PLoS One 4:e6695. 



18. Wang J, Lu Y, Wang J, Koch AE, Zhang J, et al. (2008) GXCR6 mduces 
prostate cancer progression by the AKT/mammalian target of rapamycin 
signaling pathway. Cancer Res 68: 10367-10376. 

19. Hu W, Zhen X, Xiong B, Wang B, Zhang W, et al. (2008) CXCR6 is expressed 
in human prostate cancer in vivo and is involved in the in vitro invasion of PC3 
and LNCap ceUs. Cancer Sci 99: 1362-1369. 

20. Ren L, Liu YQ, Zhou WH, Zhang YZ (2012) Trophoblast-derived chemokine 
CXCL12 promotes CXCR4 expression and invasion of human first-trimester 
decidual stromal cells. Hum Reprod 27: 366-374. 

21. Zhou WH, Du MR, Dong L. YiiJ, Li DJ (2008) Chemokine CXCL12 promotes 
the cross-talk between trophoblasts and decidual stromal cells in human first- 
trimester pregnancy. Hum Reprod 23: 2669—2679. 

22. Shimaoka T, Nakayama T, Fukumoto N, Kume N, Takahashi S, et al. (2004) 
CeU surface-anchored SR-PSOX/ CXC chemokine ligand 16 mediates firm 
adhesion of CXC chemokine receptor 6-expressing cells. J Leukoc Biol 75: 267- 
274. 

23. Wald O, Shapira OM, Izhar U (2013) CXCR4/C;XCL12 axis m non small eeU 
lung cancer (NSCLC) pathologic roles and therapeutic potential. Theranostics 3: 

26-33. 

24. Fahham D, Weiss ID, Abraham M, Bcidcr K, Hanna W, et al. (2012) In vitro 
and in vivo therapeutic efiicacy of CXCR4 antagonist BKT140 against human 
non-small ceU lung cancer. J Thorac Cardiovasc Surg 144: 1167—1175. 

25. Otsuka S, Bebb G (2008) The CXCR4/SDF-1 chemokine receptor axis: a new 
target therapeutic for non-small cell lung cancer. J I horae Oncol 3: 1379—1383. 

26. Mantovani A, Savino B, Locati M, Zammataro L, AUavena P, et al. (2010) The 
chemokine system in cancer biology and therapy. Cytokine Growth Factor Rev 
21: 27-39. 

27. Raynaud CM, Mereier O, Dartevelle P, Commo F, Olaussen KA, et al. (2010) 
Expression of chemokine receptor CCR6 as molecular determinant of 
adrenalmetastatic relapse in patients with primary lung cancer. Clin Lung 
Caner 11: 187-191. 

28. Zhou WH, Liu Y, Hu WD, Si LL (1998) The role of CXCL16/CXC6 on the 
metastasis of human lung cancer. Zhonghua Wei Sheng Wu Xue He Mian Yi 
Xue Za Zhi 31: 1076-1080. 

29. Kamp DW, Shacter E, Weitzman SA (201 1) Chronic inflammation and cancer: 
the role of the mitochondria. Oncology (Wflflston Park) 25: 400-410, 413. 

30. Pikarsky E, Porat RM, Stein I, Abramovitch R, Amit S, et al. (2004) NF-kappaB 
functions as a tumour promoter in inflammation-associated cancer. Nature 431: 
461^66. 

31. Day C, Patel R, Guillen C, Wardlaw AJ (2009) The chemokine CXCL16 is 

highly and eonstitutivcly expressed by human bronehialcpithelial cells. Exp Lung 
Res 35: 272-283. 

32. Lre LN. Ronan I'X). dr Lara C, Frankcn KL, Ottenhoff TH, et al. (2011) 
(jXClR6 is a marker liir prolcctive antigen-specific cells in the lungs after 
intranasal immunization against Mycobacterium tuberculosis. Infect Immun 79: 
3328-3337. 



PLOS ONE I www.plosone.org 



13 



June 2014 I Volume 9 | Issue 6 | e99056 



